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Preface 
 
This volume, Proceedings of The 15th International Symposium on Operations Research, 
called SOR’19, contains papers presented at SOR’19 (http://sor19.fov.uni-mb.si/) that was 
organized by Slovenian Society INFORMATIKA (SDI), Section for Operations Research 
(SOR), University of Maribor, Faculty of Organizational Sciences, Kranj, Slovenia, and 
University of Ljubljana, Faculty of Mechanical Engineering, Ljubljana, Slovenia, held in 
Bled, Slovenia, from September 25 to September 27, 2019. The volume contains blindly 
reviewed papers or abstracts of talks presented at the symposium.  
The opening address at SOR’19 was given by Prof. Dr. Lidija Zadnik Stirn, President of the 
Slovenian Section of Operations Research, Mr. Niko Schlamberger, President of the 
Slovenian Society Informatika, Prof. Dr. Iztok Podbregar, Dean of the Faculty of 
Organizational Sciences, University of Maribor, Prof. Dr. Mitjan Kalin, Dean of the Faculty 
of Mechanical Engineering, University of Ljubljana, Prof. Dr. Immanuel Bomze, President 
of The Association of European Operational Research Societies (EURO), ), Prof. Dr. Zrinka 
Lukać, President of Croatian Operational Research Society (CRORS), and 
presidents/representatives of some others Operations Research Societies from abroad. 
SOR’19 is the scientific event in the area of operations research, another one in the 
traditional series of the biannual international OR conferences, organized in Slovenia by 
SDI-SOR. It is a continuity of fourteen previous symposia. The main objective of SOR’19 is 
to advance knowledge, interest and education in OR in Slovenia, in Europe and worldwide 
in order to build the intellectual and social capital that are essential in maintaining the 
identity of OR, especially at a time when interdisciplinary collaboration is proclaimed as 
significantly important in resolving problems facing the current challenging times. Further, 
by joining IFORS and EURO, the SDI-SOR agreed to work together with diverse disciplines, 
i.e. to balance the depth of theoretical knowledge in OR and the understanding of theory, 
methods and problems in other areas within and beyond OR. We believe that SOR’19 
creates the advantage of these objectives, contributes to the quality and reputation of OR by 
presenting and exchanging new developments, opinions, experiences in the OR theory and 
practice.  
SOR’19 was highlighted by five distinguished keynote speakers. The first part of the 
Proceedings SOR’19 comprises invited abstracts and papers, presented by five outstanding 
scientists: Acad. Prof. Dr. Ivan Bratko, Faculty of Computer and Information Science, 
University of Ljubljana, Ljubljana, Slovenia, Prof. Dr. Mirjana Čižmešija, University of 
Zagreb, Faculty of Economics and Business, Zagreb, Croatia, Assoc. Prof. Dr. Tibor Illés, 
Budapest University of Technology and Economics, Institute of Mathematics, Budapest, 
Hungary, Prof. Dr. Joanna Józefowska, Poznan University of Technology, Poznan, Poland 
(the EURO plenary), and Prof. Dr. Matej Praprotnik, Laboratory for Molecular Modeling, 
National Institute of Chemistry, Ljubljana, Slovenia. 
Proceedings includes 106 papers or abstracts written by 203 authors. Most of the authors of 
the contributed papers came from Slovenia (79), then from Croatia (43), Czech Republic 
(13), Hungary (12), Slovak Republic (12), Poland (9), Austria (7), Spain (5), France (4), 
Netherlands (3), Portugal (3), Italy (2), Norway (2), Romania (2), Thailand (2), Germany 
(1), Indonesia (1), Ireland (1), Serbia (1), and United Kingdom (1). The papers published in 
the Proceedings are divided into Plenary Lectures (5 abstracts), seven special sessions: 
Application of Operation Research in Agriculture and Agribusiness Management (5 papers), 
Formal and Behavioral Issues in MCDM (6 papers and 1 abstract), Graph Theory and 

http://www.drustvo-informatika.si/sekcije/sor/
http://fis.unm.si/en
http://fis.unm.si/en


Algorithms (11 papers and 1 abstract), High-Performance Computing and Big Data (4 
papers), Optimization in Human Environments (7 papers), System Modelling & Soft 
Operational Research (5 papers), Towards Industry 4.0 (5 papers), and eight sessions: 
Econometric Models and Statistics (10 papers), Environment and Social Issues (5 papers 
and 1 abstract), Finance and Investments (11 papers), Location and Transport, Graphs and 
their Applications (4 papers), Mathematical Programming and Optimization (7 papers and 2 
abstracts), Multi-Criteria Decision-Making (6 papers), Human Resources (4 papers), and 
Production and Management (6 papers). 
The Proceedings of the previous fourteen International Symposia on Operations Research 
organized by the Slovenian Section of Operations Research, that are listed at 
https://www.drustvo-informatika.si/sekcije/sor/sor-publikacijepublications/, are indexed in 
the following secondary and tertiary publications: Current Mathematical Publications, 
Mathematical Review, Zentralblatt fuer Mathematik/Mathematics Abstracts, MATH on STN 
International and CompactMath, INSPEC. The Proceedings SOR’19 are expected to be 
covered by the same bibliographic databases. 
 
The success of the scientific events at SOR’19 and the present proceedings should be seen as 
a result of joint effort. On behalf of the organizers we would like to express our sincere 
thanks to all who have supported us in preparing the event. We would not have succeeded in 
attracting so many distinguished speakers from all over the world without the engagement 
and the advice of active members of the Slovenian Section of Operations Research. Many 
thanks to them. Further, we would like to express our deepest gratitude to prominent keynote 
speakers, to the members of the Program and Organizing Committees, to the referees who 
raised the quality of the SOR’19 by their useful suggestions, section’s chairs, and to all the 
numerous people - far too many to be listed here individually - who helped in carrying out 
The 15th International Symposium on Operations Research SOR’19 and in putting together 
these Proceedings. Last but not least, we appreciate the authors’ efforts in preparing and 
presenting the papers, which made The 15th Symposium on Operations Research SOR’19 
successful. 
 
We would like to express a special gratitude to The Partnership for Advanced Computing in 
Europe (PRACE) for a financial support and to The Association of European Operational 
Research Societies (EURO) for financing the EURO plenary speaker. 
 
 
Bled, September 25, 2019 
 

Lidija Zadnik Stirn 
Mirjana Kljajić Borštnar 

Janez Žerovnik 
Samo Drobne 

Janez Povh 
 (Editors) 
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Abstract: A complexity analysis based on the structure of perfect matchings is given for the most 
efficient basic filtering algorithms in constraint programming with respect to the role of edges in 
matchings. 
 

Keywords: constraint programming,matching theory, decomposition theory 
 
1 INTRODUCTION 
 
In matching theory it is a basic problem to determine all the edges in a given graph which can 
be extended to a maximum matching. Such edges are called maximally matchable or allowed 
edges. Apart from the graph theory community (see e.g [11]), researchers in constraint 
programming have also investigated this problem (cf. [3,4, 12]). The motivation for studying 
the question from constraint programming point of view is originating from certain constraint 
propagation methods ([12]), where the applied filtering algorithmic scheme is based on the 
above question. In this paper we will study the efficient algorithms for perfect matchings only 
with respect to the above problem, which is related to the symmetric alldiff constraint 
introduced in [12]. However, as it was shown in [4], the scheme of constraint propagation based 
on perfect matchings can be extended  to a more general framework. 
As a main result of [4] a decomposition algorithm was worked out for identifying the allowed 
edges. In this paper we will give a detailed running time analysis for the decomposition 
algorithm presented in [4]. It turns out that the complexity bound given in that paper is not 
precise. 
The organization of this paper is as follows. In Section 2 we will present the necessary formal 
background on matching theory. We collect here some basic material needed later on and 
include contents of almost all the required results. In Section 3 we analyze the iterative version 
of the algorithm to compute the category of edges into mandatory (covered by all perfect 
matchings), allowed and forbidden (i.e. not allowed). The obtained results are mainly based on 
the Structure Theorem of Gallai & Edmonds. In Section 4 an algorithm using divide-and-
conquer paradigm is analyzed. Finally, in Section 5 we will give a short conclusion. Because 
of space constraints proofs are omitted.  
 
2 MATCHING THEORY AND STRUCTURAL DECOMPOSITION 
 
In this paper we will consider undirected general graphs and our main focus will be on graphs 
with perfect matchings. Our terminology will be standard, the set of vertices and set of edges 
will be denoted by V(G) and E(G), respectively. . A good reference for any undefined terms is 
[10].  

                                                 
1 Also at University of Primorska, Slovenia and University of Szeged, Hungary. 
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We will call an edge of a graph G allowed if it occurs in some maximum matching 
(respectively, perfect matching, if exists) and any edge which is not allowed will be 
called forbidden. An edge which belongs to every maximum (respectively, perfect) matching 
will be called mandatory.  

A graph G with a perfect matching is said to be elementary if its allowed edges form a 
connected spanning subgraph of G. A matching covered graph is an elementray graph without 
forbidden edges.  
Let M be a maximum matching of G. An edge e ∈ E(G) is said to be M-positive if e ∈ M, 
otherwise e is called M-negative. An M-alternating path in G is a path stepping on M-positive 
and M-negative edges in an alternating fashion. 

The deficiency of G denoted by δ(G ) is defined as the number of vertices left unmatched 
by a maximum matching. A graph G is said to be factor-critical if δ(G−x)=0 for every 
xV(G). Maximum matchings of factor-critical graphs are called near-perfect matchings.  

The bipartite graph G = (V1V2, E) has positive surplus (viewed from V1) if |Γ (X)| > |X| 
for all    X   V1, where Γ (X) denotes the set of neighbours of X. Bipartite graphs with 
positive surplus are connected.  

For a general graph G = (V, E) we define subsets A(G), C(G) and D(G) of V (G) as follows: 
D(G) = {the set of vertices in G not covered by at least one maximum matching of G},  
A(G) = Γ (D) \ D(G), 
C(G) = V (G) \ (A(G) ∪ D(G)). 

The following theorem (see e.g. [10]) is fundamental in the structure theory of matchings.  
Theorem 1 (Gallai-Edmonds Structure Theorem). If G is a graph and A(G), C(G) and 
D(G) are defined as above, then the following statements hold: 
1. The components of the subgraph induced by D(G) are factor-critical, 
2. The subgraph induced by C(G) has a perfect matching, 
3. The bipartite graph obtained from G by deleting the vertices of C(G) and the edges spanned 

by A(G), and by contracting each component of D(G) to a single vertex has positive surplus 
(when viewed from A(G)), 

4. Every maximum matching of G contains a perfect matching of each component of C(G), a 
near-perfect matching of each component of D(G), and a complete matching from A(G) 
into distinct components of D(G). 

The decomposition has the following properties: 
– Edges spanned by A(G) are forbidden 
– Edges connecting A(G) to C(G) are forbidden 
– Every edge incident with a vertex of D(G) is allowed 
– There is no edge between C(G) and D(G) 
– Vertices of A(G) and C(G) are vital 
– Vertices of D(G) are allowed 
– Each connected component of C(G) has even cardinality 
– Each connected component of D(G) has odd cardinality 

Note that every component of G[C] has a perfect matching, the bipartite subgraph 
G[A, base(D)] obtained from G by deleting edges spanned by A(G) and by contracting each 
component of D(G) to a single vertex has a complete matching from A(G) to D(G), and every 
connected component of G[D] has a near-perfect matching. 

A set X of vertices in G is extreme if δ(G − X) = δ(G) + |X|. In [4] a general pruning routine 
was introduced to aid in the investigation of extreme sets of graphs which have perfect 
matchings. It was also shown that finding an extreme set can be accomplished in linear time. 
The algorithm of [4] is an iterative graph decomposition method by which we can mark the 
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forbidden edges with taking advantage of the structure provided by the decomposition. In each 
step maximal extreme sets of the subgraphs obtained by the previous steps of the algorithm are 
determined and some edges are marked as forbidden according to the structure defined by the 
extreme sets. Using the structure with respect to the extreme sets new subgraphs are defined 
and the iteration is continued.  

The decomposition method is based on the following theorem [4]. 
Theorem 2. Let G = (V, E) be any graph with a perfect matching M, x ∈ V , and let (D, A, C) 
be the Gallai-Edmonds canonical decomposition of G − x. Then the following statements hold: 
1. The set X = A ∪ {x} is extreme in G, 
2. Edges spanned by X or joining X with C are forbidden, 
3. The bipartite graph G0 obtained from G − C by contracting each connected component of D 

to a single vertex and by deleting each edge spanned by X has a perfect matching, 
4. Edges belonging to all, some (but not to all) or none of perfect matchings in the bipartite 

graph G0 are, respectively, edges belonging to all, some (but not to all) or none of perfect 
matchings in G. 

5. The graph Gi obtained from G − C by contracting the set V (G) − Di to a single vertex has 
a perfect matching, 

6. The mandatory, allowed, or forbidden edges of G are precisely those edges which are, 
respectively, mandatory, allowed, or forbidden in one of the graphs Gi , i = 0, . . . , t, where t 
= |X|. 

In the next two sections we will present and analyse the “pure iterative” and the “divide and 
conquer” strategy of the decomposition method. In Section 3 we will consider the naïve 
approach for identifying forbidden edges with the help of maximal extreme sets. In this case 
we will make use of the properties of maximal extreme sets as direct consequences of its 
definition. We will show that this algorithm provides an improved worst-case running time, 
then  the previously developed methods [11,12] which could ensure O(|V|·|E|) only. In Section 
4 the algorithm of [4] will be presented and by detailed running time analysis we will show that 
the divide and conquer strategy is more efficient than the pure iterative approach. 
 
3 PURE ITERATIVE ALGORITHM 
 
The following is the pure iterative version of the decomposition algorithm: 

 

Algorithm 1 The iterative approach to determine the partition of edges 
 

 

Require: General graph G = (V, E) with an initial perfect matching M 

Ensure: Partition of edges 

while there are UNSCANNED vertices in G do 

Select one UNSCANNED vertex x 

Relabel x as SCANNED 

Compute the maximal extreme set X in G − x (see algorithm in [2, Section 2.1]) Let 

(A, C, D) be the Gallai-Edmonds Decomposition after the last step of the previous 

routine 

Mark all edges spanned by X as forbidden 

Form the gluing bipartite graph G0 with bipartition (X, base(Di))  

Let M0 ← M ∩E(G0) 

Determine the partition of edges in G0 with respect to M0 (s. Algorithm 2 in [3]) 

Mark all vertices of X as SCANNED 

end while 
 

 

The crucial point in the analysis of the above algorithm is the number of the required iterations. 
It is clear that the number of iterations are related to the number of maximal extreme sets. 
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However, according to [2, Theorem 2.1] the problem of finding the maximum Tutte set, and 
thus the maximum extreme set is intractable. This means that in general there may exist 
exponential number of maximal extreme sets. To demonstrate this fact with a very simple 
example consider the graph consisting of K2 and n triangles 0 attached to one of its endpoints. 
It is easy to check that such a graph has 2n maximal extreme sets. In order to overcome this 
drawback we introduce the following new concepts. 
Definition 1 (Elementary extreme set). An extreme set, such that each element of it belongs 
to the same elementary component. 
In general, the number of maximal elementary extreme sets in a non-elementary graph is lower 
than the number of maximal extreme sets in its elementary components. The similar holds true 
when we remove the forbidden edges: the number of extreme sets in matching covered graphs 
maybe greater than the number of extreme sets in elementary components. The following result 
about maximal elementary extreme sets was proved by Bartha & Krész [1]. 
Theorem 3. Let G be a graph with a perfect matching. The maximal elementary extreme sets of 
G form a partition on V (G). 
Therefore, extending the concept of [10] from elementary graphs, maximal elementary extreme 
sets will be called canonical classes. The set of all canonical classes will be denoted by P(G). 
The following result from [13] clarifies the number of maximal extreme sets in a non-
elementary graph. 
Theorem 4. Any maximal extreme set of a non-elementary graph is the union of some maximal 
elementary extreme sets. 
The following concept is equivalent to the one of “strong proof” by Király [5]. 
Definition 2 (Extreme closure) For any vertex u, the extreme closure of u, denoted by Ext(u), 
is the intersection of all maximal extreme sets containing u. 
As a straightforward consequence of Theorem 4, Ext(u) can be also characterized with 
canonical classes. 
Proposition 1. Ext(u) is a union of some canonical classes. 

Corollary 1. Ext(u) can be found in linear time for each u ∈ V (G). 
Now let Ext(G) denote the set of distinct extreme closures of G. 
Theorem 5. There is a one-to-one correspondence between Ext(G) and P(G); 
consequently |Ext(G)| = |P (G)| holds. 
During the algorithm we identify the forbidden edges spanned by A(G) and between C(G) and 
A(G). Next we build the gluing bipartite graph and perform alternating depth-first search 
starting from the color class X and a free edge. It is necessary since considering only canonical 
classes is not satisfactory to find the partition of edges (it can happen that the forbidden edge 
lies between two different maximal elementary extreme sets). 
Theorem 6. L e t  p=|Ext(G)| and m=|E(G)|. Then Algorithm 1 uses maximum p iteration steps, 
consequently the upper bound for the pure iterative algorithm is O(p·m). 
 
4 DIVIDE AND CONQUER STRATEGY 
 
Recall that the algorithm developed in [4] is based directly on Theorem 2. It uses a divide-and-
conquer paradigm which is a natural consequence of the result. 
The procedure first constructs a perfect matching in a given general graph, then decomposes 
the graph, according to the Gallai-Edmonds Structure Theorem (Theorem 1) and successively 
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identifies allowed edges and eliminates forbidden edges reducing the remainder graph in a 
suitable way. The method is summarized as Algorithm 2.  
The goal is now to determine the running time of this algorithm. For this first we review some 
concepts from [1]. 
Let C be an elementary component and M be a perfect matching. Then a C-ear is an M-
alternating path α connecting two vertices of C such that no vertex of α, other than its endpoints, 
lies in C. It is easy to see that a C-ear starts and ends with an M-negative edge. Furthermore, it 
can be shown (cf. [1]) that the existence of a C-ear is independent from the choice of the 
matching M. 
We say that elementary component C′ is two-way accessible from component C, in notation 
CρC′, if C′ is covered by a C-ear. It was shown in [1] that the reflexive and transitive closure 
ρ* of ρ is a partial order on the set of elementary components. For a similar approach see 
also [6]. 
Now let us introduce some new concepts. 

Definition 3. L e t  C0,C1,...,Ck be distinct elementary components of G such that 
C0ρC1ρC2ρ…ρCk. Then we say that (C0,C1,...,Ck) forms a ρ-chain. Moreover, let P(C0,C1,...,Ck) 
denote the set of canonical classes of the elementary components forming the chain. The 
canonical length of (C0,C1,...,Ck) is given by |P(C0,C1,...,Ck)|−1. Finally, the canonical 
diameter of G is the maximum canonical length concerning all ρ-chains in G.  

 

Algorithm 2 The divide-and-conquer approach to determine the partition of edges 
 

 

Require: General graph G = (V, E) with an initial perfect matching M 

Ensure: Partition of edges 

if |V | = 2 then {base case} 
Mark vertices in V as SCANNED 

if |E(G)| = 1 then 

Mark edge in E as mandatory 

else 

Mark edge in E as allowed 

end if 

return 

end if 

Select one UNSCANNED vertex x 

Relabel x as SCANNED 

Compute the Gallai-Edmonds Decomposition (A, B, C, D) of G − x (s. Algorithm 1 in [4]) 

Let X ← A  {x} {extreme set} 

Mark all edges spanned by X as forbidden  

Mark all edges between X and C as forbidden  

if |C(G − x)| > 0 then 

Find connected components C1, C2, . . . , Ck  of G[C] 

for every connected component Ci  do 

Let Mi ← M ∩ E(Ci) 

Recursive call of this procedure with G = Ci and M = Mi 

end for end if 

Form the gluing bipartite graph G0 with bipartition (X, B  base(Di))  

Let M0 ← M ∩ E(G0) 

Determine the partition of edges in G0 (s. Algorithm 2 in [3])  

Remove forbidden edges from G 

Mark all vertices of X ∪ B as SCANNED  

Mark all edges in G0 as TRAVERSED 

Mark vertices incident with all TRAVERSED edges as SCANNED 

Let t be the number of connected components of G[B  D], i.e. t ← |X| 
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if |D(G − x)| > 0 then 

Form the pieces G1, G2, . . . , Gt  of G at extreme set X 

for every piece Gi  with at least one UNSCANNED vertex do 

Let Mi ← M ∩ E(Gi) 

Recursive call of this procedure with G = Gi and M = Mi 

end for  

end if 
 

Now using the above concepts, we are ready to give the complexity analysis of Algorithm 2.  
Theorem 7. L e t  m=|E(G)| and let λ denote the canonical diameter of graph G with perfect 
matchings. Then Algorithm 2 uses maximum λ iteration steps, consequently the upper bound for 
the divide and conquer strategy is O(λ·m). 
As a final result we show that the improvement of the complexity with the divide and 
conquer strategy can be expressed formally by the parameters used for the analysis of 
Algorithms 1 and 2. 
Theorem 8. Let pmin denote the cardinality solution of the minimum set cover for Ext(G), i.e. 
the minimum number of sets of Ext(G) the union of which covers V(G). Then λ ≤ pmin , where λ 
denotes the canonical diameter of G.  
 
5 CONCLUSION  
 
In this paper we have provided a detailed analysis of the state-of-the-art filtering algorithms 
for constraint propagation with respect to the role of edges in perfect matchings. We could 
characterized the worst-case complexity of both the pure iterative method and the divide-and-
conquer strategy with graph parameters defined by the matching structure. With the help of 
this concept, we have shown formally that the divide-and-conquer strategy is indeed more 
efficient than the pure iterative algorithm. 
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Fyzikálny Časopis Slovenskej Akadémie Vied, 9(2):73-91, 1959. In Slovak. 

[8] Anton Kotzig. On the Theory of Finite Graphs with a Linear Factor II. Matematicko-
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and Regional Studies, 
Hungarian Academy of 
Sciences  

Department of Operations 
Research and Actuarial 
Sciences, Corvinus University of 
Budapest  

 

Tóth Kálmń u. 4. 

 

 

Fővám tér 8. 

 

1093 

 

 

1097 

Budapest Hungary gyetvai.marton@ 
krtk.mta.hu 

29.  László Hajdu 

University of Szeged, Institute of 
Informatics 

University of Primorska, Faculty 
of mathematics, Natural 
Sciences and information 
technologies 

InnoRenew CoE  

Árpád tér 2 

 
 

Muzejski trg. 2 

 

Livade 6 

6720 

 
 

6000  

 

6310 

Szeged 

 
 

Koper 

 

Izola 

Hungary 

 

 
 

Slovenia 

 

laszlo.hajdu@ 
innorenew.eu 

30.  Anita Harmina VERN' University of Applied 
Sciences 

Trg Drage Iblera 
10 10000 Zagreb Croatia anita.harmina@vern.hr 

31.  Niko Herakovič 

University of Ljubljana, Faculty 
of Mechanical Engineering, 
Chair of Manufacturing 
Technologies and Systems, 
Laboratory for Handling, 
Assembly and Pneumatics  

Aškerčeva 6 1000 Ljubljana Slovenia niko.herakovic@ 
fs.uni-lj.si 



 First name Surname Institution 
Street and 
Number 

Post code Town Country E-mail 

32.  Tomislav Herceg University of Zagreb, Faculty of 
Economics and Business 

Trg J. F. 
Kennedyja 6 10000 Zagreb Croatia therceg@efzg.hr 

33.  Milan Hladík  

Charles University, Faculty of 
Mathematics and Physics, 
Department of Applied 
Mathematics 

Malostranské 
nám. 25 11800 Prague Czech 

Republic hladik@kam.mff.cuni.cz 

34.  Vladimír Holý  University of Economics, Prague Winston Churchill 
Square 1938/4 130 67 Prague 3 Czech 

Republic vladimir.holy@vse.cz 

35.  Eloy Hontoria 
Technical University of 
Cartagena / Business 
Management 

 30202 Cartagena Spain eloy.hontoria@upct.es 

36.  Jaroslav Horáček 

Charles University, Faculty of 
Mathematics And Physics, 
Department of Applied 
Mathematics 

Malostranské 
nám. 25 11800 Prague Czech 

Republic 
horacek@ 
kam.mff.cuni.cz 

37.  Timotej Hrga University of Ljubljana, Faculty 
of Mechanical Engineering Aškerčeva 6 1000 Ljubljana Slovenia timotej.hrga@ 

lecad.fs.uni-lj.si 

38.  Tomi Ilijaš Arctur, d.o.o. Industrijska cesta 
15 5000 Nova Gorica Slovenia tomi.ilijas@arctur.si 

39.  Tibor Illés 
Budapest University of 
Technology and Economics, 
Institute of Mathematics 

Egry József u. 1 1111 Budapest Hungary illes@math.bme.hu 

40.  Mario Jadrić 

University of Split, Faculty of 
Economics, Business and 
Tourism, Department of 
Business Informatics 

Cvite Fiskovića 5 21000 Split Croatia mario.jadric@efst.hr 



 First name Surname Institution 
Street and 
Number 

Post code Town Country E-mail 

41.  Timotej Jagrič Faculty of Economics and 
Business (University of Maribor) Razlagova 14 2000 Maribor Slovenia timotej.jagric@um.si 

42.  Marko Jakšič School of Economics and 
Business, University of Ljubljana 

Kardeljeva 
ploščad 17 1000 Ljubljana Slovenia marko.jaksic@ef.uni-lj.si 

43.  Saša Jakšić 
Faculty of Economics and 
Business, University of Zagreb, 
Croatia, Department of Statistics 

Trg J. F. 
Kennedyja 6 10000 Zagreb Croatia sjaksic@efzg.hr 

44.  Jaroslav Janáček University of Žilina, Faculty of 
Management and Informatics Univerzitná 1 010 26 Žilina Slovak 

Republic 
jaroslav.janacek@ 
fri.uniza.sk 

45.  Peter  Jankovič 
University of Žilina, Faculty of 
Management Science and 
Informatics 

Univerzitná 1 010 26 Žilina Slovak 
Republic 

peter.jankovič@ 
fri.uniza.sk 

46.  Ľudmila  Jánošíková 
University of Žilina, Faculty of 
Management Science and 
Informatics 

Univerzitná 1 010 26 Žilina Slovak 
Republic 

ludmila.janosikova@ 
fri.uniza.sk 

47.  Sławomir Jarek 
University of Economics in 
Katowice, Department of 
Operations Research 

ul. 1 Maja 50 40-287 Katowice Poland slawomir.jarek@ 
ue.katowice.pl 

48.  Slobodan Jelić 
J. J. Strossmayer University of 
Osijek - Department of 
Mathematics 

Trg Ljudevita 
Gaja 6 31000 Osijek Croatia sjelic@mathos.hr 

49.  Eva Jereb University of Maribor, Faculty of 
Organisational Sciences Kidričeva 55 4000 Kranj Slovenia eva.jereb@fov.uni-mb.si 

50.  Joanna Józefowska 
Poznan University of 
Technology, Faculty of 
Computing  

Piotrowo 3 60-965 Poznań Poland joanna.jozefowska@ 
cs.put.poznan.pl 



 First name Surname Institution 
Street and 
Number 

Post code Town Country E-mail 

51.  Dragan Jukić  
Department of Mathematics,  
J. J. Strossmayer University of 
Osijek 

Trg Ljudevita 
Gaja 6 31000 Osijek Croatia jukicd@mathos.hr 

52.  Elza Jurun 
University of Split, Faculty of 
Economics, Business and 
Tourism 

Cvite Fiskovića 5 21000 Split Croatia elza@efst.hr 

53.  Nikola Kadoić University of Zagreb, Faculty of 
organization and informatics Pavlinska 2 42000 Varaždin Croatia nkadoic@foi.hr 

54.  Michael Kahr 
University of Vienna, 
Department of Statistics and 
Operations Research (ISOR) 

Oskar-
Morgenstern-
Platz 1 

1090 Vienna Austria m.kahr@univie.ac.at 

55.  Tina Kep University of Maribor, Faculty of 
agriculture and life science Pivola 11 2311 Hoče Slovenia tina.kep@student.um.si 

56.  Sandi Klavžar 

University of Ljubljana, Faculty 
of Mathematics and Physics 

University of Maribor, Faculty of 
Natural Sciences and 
Mathematics 

Institute of Mathematics, 
Physics and Mechanics  

  

Ljubljana 

 

Maribor 

 

Ljubljana 

Slovenia sandi.klavzar@fmf.uni-
lj.si 

57.  Jernej Klemenc FS, University of Ljubljana Aškerčeva 6 1000 Ljubljana Slovenia jernej.klemenc@ 
fs.uni-lj.si 

58.  Mirjana Kljajić Borštnar University of Maribor, Faculty of 
Organizational Sciences Kidričeva 55a 4000 Kranj Slovenia mirjana.kljajic@ 

fov.uni-mb.si 

59.  Davorin Kofjač University of Maribor, Faculty of 
Organizational Sciences  

Kidričeva cesta 
55a 4000 Kranj Slovenia davorin.kofjac@ 

fov.uni-mb.si 



 First name Surname Institution 
Street and 
Number 

Post code Town Country E-mail 

60.  Michal Koháni 
University of Žilina, Department 
of Mathematical Methods and 
Operations Research 

Univerzitna 
8215/1 01026 Žilina Slovak 

Republic 
michal.kohani@ 
fri.uniza.sk 

61.  Vedran Kojić 
University of Zagreb, Faculty of 
Economics & Business, 
Department of Mathematics 

Trg J. F. 
Kennedyja 6 10000 Zagreb Croatia vkojic@efzg.hr 

62.  Miha  Konjar University of Ljubljana / Faculty 
of Architecture Zoisova cesta 12 1000 Ljubljana Slovenia miha.konjar@fa.uni-lj.si 

63.  Andrej Košir Faculty of Electrical Engineering 
University of Ljubljana,  Tržaška cesta 25 1000 Ljubljana Slovenia andrej.kosir@fe.uni-lj.si 

64.  Erzsébet Kovács 

Head, Department of 
Operational Research and 
Actuary Sciences Corvinus 
University of Budapest  

Fővám tér 8 1093 Budapest Hungary erzsebet.kovacs@ 
uni-corvinus.hu 

65.  László Kovács 
Department of Computer 
Science, Corvinus University of 
Budapest 

Fővám tér 8. 1093 Budapest Hungary laszlo.kovacs2@ 
uni-corvinus.hu 

66.  Blaženka Knežević 

University of Zagreb, Faculty 
Economics and Business, 
Department of Trade and 
International Business 

Trg J.F. 
Kennedya 6 10000 Zagreb Croatia bknezevic@efzg.hr 

67.  Manja Krajnčič 
University of Maribor, Faculty of 
Natural Sciences and 
Mathematics 

Koroška cesta 
160 2000 Maribor Slovenia manja.krajncic@ 

student.um.si 

68.  Aleš Kresta VŠB – Technical University of 
Ostrava, Department of Finance Sokolská tř. 33 702 00 Ostrava Czech 

Republic ales.kresta@vsb.cz 



 First name Surname Institution 
Street and 
Number 

Post code Town Country E-mail 

69.  Miklós Krész InnoRenew CoE Livade 6 6310 Izola Slovenia miklos.kresz@ 
innorenew.eu 

70.  Janez Kušar University of Ljubljana, Faculty 
of Mechanical Engineering Aškerčeva 6 1000 Ljubljana Slovenia janez.kusar@fs.uni-lj.si 

71.  Marek Kvet 
University of Žilina, Faculty of 
Management Science and 
Informatics 

Univerzitná 1 010 26 Žilina Slovak 
Republic 

marek.kvet@ 
fri.uniza.sk 

72.  Markus Leitner 
University of Vienna, 
Department of Statistics and 
Operations Research (ISOR) 

Oskar-
Morgenstern-
Platz 1 

1090 Vienna Austria markus.leitner@ 
univie.ac.at 

73.  Dean Lipovac 
InnoRenew CoE; 

University of Primorska, Andrej 
Marušič Institute 

Livade 6; 

 Muzejski trg. 2 

6310; 

6000 

Izola; 

Koper 
Slovenia dean.lipovac@ 

innorenew.eu 

74.  Shiang-Tai Liu 
Vanung University, Graduate 
School of Business and 
Management 

No.1, Wanneng 
Rd, Zhongli 
District 

320 Taoyuan Taiwan stliu@vnu.edu.tw 

75.  Zrinka Lukač 
University of Zagreb, Faculty of 
Economics & Business, 
Department of Mathematics 

Trg J.F. 
Kennedya 6 10000 Zagreb Croatia zlukac@efzg.hr 

76.  Snježana Majstorović 
Department of Mathematics, 
Josip Juraj Strossmayer 
University of Osijek 

Trg Ljudevita 
Gaja 6 31000 Osijek Croatia smajstor@mathos.hr 

77.  Vili Malnarič TPV d.o.o. Kandijska cesta 
60 8000 Novo mesto Slovenia v.malnaric@tpv.si 

78.  Fulgencio  Marín-García Universidad Politécnica de 
Cartagena 

Campus Muralla 
del Mar 30202 Cartagena 

(Murcia) Spain pentxo.marin@upct.es 



 First name Surname Institution 
Street and 
Number 

Post code Town Country E-mail 

79.  Aleš Marjetič 
University of Ljubljana, Faculty 
of Civil and Geodetic 
Engineering 

Jamova cesta 2 1000 Ljubljana Slovenia ales.marjetic@ 
fgg.uni-lj.si 

80.  Slavko Matanović High school of modern business 
Belgrade  Terazije 5 11000 Beograd Serbia slavko.matanovic@ 

mbs.edu.rs 

81.  Josip Matejaš University of Zagreb, Faculty of 
Economics and Business 

Trg J.F. 
Kennedyja 6 10000 Zagreb Croatia jmatejas@efzg.hr 

82.  Metka Mesojedec  Dolenje Mokro 
Polje 22 8310 Šentjernej Slovenia metka.mesojedec@ 

gmail.com 

83.  Jerzy Michnik University of Economics in 
Katowice ul. 1 Maja 50 40-287 Katowice Poland jerzy.michnik@ 

ue.katowice.pl 

84.  Lorena Mihelač 

ŠC Novo mesto, IT and Music 
Department & International 
Postgraduate School Jožef 
Stefan 

 8000 Novo mesto Slovenia lorena.mihelac@ 
sc-nm.si 

85.  Stanislav Mikolajčík 
University of Žilina, Faculty of 
Management Science and 
Informatics 

Univerzitná 1 010 26 Žilina Slovak 
Republic 

Stanislav.Mikolajcik@ 
stud.uniza.sk 

86.  Ljubica  Milanović 
Glavan 

Faculty of Economics and 
Business, University of Zagreb, 
Department of Informatics 

Trg J.F. 
Kennedyja 6 10000 Zagreb Croatia ljmilanovic@efzg.hr 

87.  Marija Milavec Kapun University of Ljubljana, Faculty 
of Health Sciences  

Zdravstvena pot 
5 1000 Ljubljana Slovenia marija.milavec@ 

zf.uni-lj.si 

88.  Danijel Mlinarić University of Zagreb, Faculty 
Economics and Business 

Trg J.F. 
Kennedyja 6 10000 Zagreb Croatia dmlinaric@efzg.hr 



 First name Surname Institution 
Street and 
Number 

Post code Town Country E-mail 

89.  José Andrés  Moreno-
Nicolás 

Universidad Politécnica de 
Cartagena 

Campus Muralla 
del Mar 30202 Cartagena 

(Murcia) Spain josea.moreno@upct.es 

90.  Matic Muc TPV d.o.o. Kandijska cesta 
60 8000 Novo mesto Slovenia m.muc@tpv.si 

91.  Tina Novak University of Ljubljana, Faculty 
of mechanical engineering 

Aškerčeva cesta 
6 1000 Ljubljana Slovenia tina.novak@fs.uni-lj.si 

92.  Anders Qvale Nyrud 
NMBU, Faculty of 
Environmental Sciences and 
Natural Resource Management,  

Universitetstunet 
3 1432 Ås Norway anders.qvale.nyrud@ 

nmbu.no 

93.  Petra Pavlíčková  

Czech University of Life 
Sciences Prague, Fac. of 
Economics and Management, 
Dept. of Systems Engineering 

Kamýcká 129 165 21 Praha 6 – 
Suchdol 

Czech 
Republic pavlickovap@pef.czu.cz 

94.  Polona Pavlovčič 
Prešeren 

University of Ljubljana, Faculty 
of Civil and Geodetic 
Engineering 

Jamova cesta 2 1000 Ljubljana Slovenia polona.pavlovcic-
preseren@fgg.uni-lj.si 

95.  Karmen Pažek University of Maribor, Faculty of 
agriculture and life science Pivola 10 2311 Hoče Slovenia karmen.pazek@um.si 

96.  Mirjana Pejić-Bach University of Zagreb, Faculty 
Economics and Business 

Trg J.F. 
Kennedyja 6 10000 Zagreb Croatia mpejic@efzg.hr 

97.  Aljoša Peperko 
FS, University of Ljubljana; 
Institute of Mathematics, 
Physics and Mechanics 

Aškerčeva 6; 
Jadranska 19  1000 Ljubljana Slovenia aljosa.peperko@ 

fs.uni-lj.si 

98.  Tunjo  Perić University of Zagreb, Faculty 
Economics and Business 

Trg J.F. 
Kennedyja 6 10000 Zagreb Croatia tperic@efzg.hr 



 First name Surname Institution 
Street and 
Number 

Post code Town Country E-mail 

99.  Miha Pipan University of Ljubljana, Faculty 
of Mechanical Engineering 

Aškerčeva cesta 
6 1000 Ljubljana Slovenia miha.pipan@fs.uni-lj.si 

100.  Snježana Pivac 

University of Split, Faculty of 
Economics, Business and 
Tourism, Department of 
Quantitative Methods 

Cvite Fiskovića 5 21000 Split Croatia spivac@efst.hr 

101.  Diana Plačková 
Institute of Mathematics, Faculty 
of Science, P.J. Šafárik 
University:  

Jesenná 5 040 01 Košice Slovak 
Republic 

diana.plackova@ 
student.upjs.sk 

102.  Janez Povh 

University of Ljubljana, Faculty 
of mechanical engineering; 

Institute of mathematics, physics 
and mechanics Ljubljana 

Aškerčeva cesta 
6; 

Jadranska ulica 
19 

1000 Ljubljana Slovenia janez.povh@ 
fs.uni-lj.si 

103.  Matej Praprotnik 
Laboratory for Molecular 
Modeling, National Institute of 
Chemistry  

Hajdrihova 19 1001  Ljubljana Slovenia praprot@cmm.ki.si 

104.  Boris Prevolšek University of Maribor, Faculty of 
tourism 

Cesta prvih 
borcev 36 8250 Brežice Slovenia boris.prevolsek@um.si 

105.  Jernej Prišenk University of Maribor, Faculty of 
agriculture and life science Pivola 10 2311 Hoče Slovenia jernej.prisenk@um.si 

106.  Jernej Protner University of Ljubljana, Faculty 
of Mechanical Engineering 

Aškerčeva cesta 
6 1000 Ljubljana Slovenia jernej.protner@fs.uni-lj.si 

107.  Krunoslav Puljić 
University of Zagreb, Faculty of 
Economics & Business, 
Department of Mathematics 

Trg J.F. 
Kennedya 6 10000 Zagreb Croatia kpuljic@efzg.hr 



 First name Surname Institution 
Street and 
Number 

Post code Town Country E-mail 

108.  Miroslav  Rada 
University of Economics, 
Prague, Department of Financal 
Accounting and Auditing 

Nám. W. 
Churchilla 4 13067 Prague Czech 

Republic miroslav.rada@vse.cz 

109.  Uroš  Rajkovič University of Maribor, Faculty of 
Organizational Sciences 

Kidričeva cesta 
55 a 4000 Kranj Slovenia uros.rajkovic@ 

fov.uni-mb.si 

110.  Vladislav Rajkovič University of Maribor, Faculty of 
Organizational Sciences 

Kidričeva cesta 
55 a 4000 Kranj Slovenia vladislav.rajkovic@ 

fov.uni-mb.si 

111.  Nada Ratković 
University of Split, Faculty of 
Economics, Business and 
Tourism 

Cvite Fiskovića 5 21000 Split Croatia nada.ratkovic@efst.hr 

112.  Robert Repnik 

Faculty of Natural Sciences and 
Mathematics, Physics 
Department, University of 
Maribor 

Association for Technical 
Culture of Slovenia 

Koroška 160  
 

 

Zaloška c. 65 

2000 
 

 

1000 

Maribor  
 

 

Ljubljana 

Slovenia robert.repnik@um.si 

113.  Bertrand Rigaud CNRS/CC-IN2P3    France bertrand.rigaud@ 
cc.in2p3.fr 

114.  Petra Renáta Rigó 

Budapest University of 
Technology and Economics, 
Department of Differential 
Equations 

Babes-Bolyai University, Faculty 
of Mathematics and Computer 
Science  

  

Budapest 

 

Cluj-Napoca 

Hungary 

 

Romania 

 

115.  Lidija Rihar University of Ljubljana, Faculty 
of Mechanical Engineering Aškerčeva 6 1000 Ljubljana Slovenia lidija.rihar@fs.uni-lj.si 



 First name Surname Institution 
Street and 
Number 

Post code Town Country E-mail 

116.  Helena Sofia Rodrigues 

Business School, Viana do 
Castelo Polytechnic Institute, 
and Center for Research and 
Development in Mathematics 
and Applications (CIDMA), 
University of Aveiro,  

   Portugal sofiarodrigues@ 
esce.ipvc.pt 

117.  Marco Rorro CINECA    Italy m.rorro@cineca.it 

118.  Ewa Roszkowska University of Białystok, Faculty 
of Economy and Management  

ul. Warszawska 
63 15-062 Białystok Poland e.roszkowska@ 

uwb.edu.pl 

119.  Črtomir Rozman University of Maribor, Faculty of 
agriculture and life science Pivola 10 2311 Hoče Slovenia crt.rozman@um.si 

120.  Maja Rožman University of Maribor, Faculty of 
Economics and Business  Razlagova 14 2000 Maribor Slovenia maja.rozman1@um.si 

121.  Darja Rupnik 
Poklukar 

University of Ljubljana, Faculty 
of Mechanical Engineering Aškerčeva ulica 6 1000 Ljubljana Slovenia darja.rupnik@fs.uni.lj.si 

122.  Gregor Rus University of Maribor, Faculty of 
Organizational Sciences 

Kidričeva cesta 
55a 4000 Kranj Slovenia gregor.rus4@um.si 

123.  Jan Rydval 

Czech University of Life 
Sciences Prague, Fac. of 
Economics and Management, 
Dept. of Systems Engineering 

Kamýcká 129 165 21 Praha 6 – 
Suchdol 

Czech 
Republic rydval@pef.czu.cz 

124.  Kristian Sabo 
Department of Mathematics,  
J. J. Strossmayer University of 
Osijek 

Trg Ljudevita 
Gaja 6 31000 Osijek Croatia ksabo@mathos.hr 

125.  Blaž Sašek University of Maribor, Faculty of 
Organizational Sciences Kidričeva 55a 4000 Kranj Slovenia blaz.sasek@ 

student.um.si 



 First name Surname Institution 
Street and 
Number 

Post code Town Country E-mail 

126.  Jaap Schröder 
Wageningen University and 
Reasearch, Plant Science 
Group 

  Wageningen Netherlands jaap.schroder@wur.nl 

127.  Rogier Schulte 
Wageningen University and 
Reasearch, Department of Plant 
Sciences 

  Wageningen Netherlands rogier.schulte@wur.nl 

128.  Ângela Silva 

Business School, Viana do 
Castelo Polytechnic Institute 
and Centro de Investigação em 
Organizações,Mercados e 
Gestão Industrial (COMEGI), 
Lusíada University 

   Portugal angela.a@esce.ipvc.pt 

129.  Wutiphol Sintunavarat 

Department of Mathematics and 
Statistics, Faculty of Science 
and Technology Thammasat 
University Rangsit Center  

 12120 Pathumthani Thailand wutiphol@ 
mathstat.sci.tu.ac.th 

130.  Andreja Smole Cosylab, Control System 
Laboratory   1000 Ljubljana Slovenia andreja.smole@ 

cosylab.com 

131.  Sølvi Therese Strømmen Wie 
NMBU, Faculty of 
Environmental Sciences and 
Natural Resource Management 

Universitetstunet 
3 1432 Ås Norway solvi.wie@nmbu.no 

132.  Zoltán Süle 

University of Pannonia, Faculty 
of Information Technology, 
Department of Computer 
Science and Systems 
Technology 

Egyetem str. 10 8200 Veszprém Hungary sule@dcs.uni-pannon.hu 

133.  Eszter Szénási 

Budapest University of 
Technology and Economics, 
Department of Differential 
Equations 

   Hungary  



 First name Surname Institution 
Street and 
Number 

Post code Town Country E-mail 

134.  Boško Šego 
University of Zagreb, 
Department of Mathematics and 
Department of Statistics 

Trg J. F. 
Kennedyja 6 10000 Zagreb Croatia bsego@net.efzg.hr 

135.  Marijana Šemanović 

University of Split, Faculty of 
Economics, Business and 
Tourism, Postgraduate 
Specialist Study 

Cvite Fiskovića 5 21000 Split Croatia marijana.semanovic@ 
gmail.com 

136.  Andrej Škraba University of Maribor, Faculty of 
Organizational Sciences Kidričeva 55a 4000 Kranj Slovenia andrej.skraba@um.si 

137.  Tihana  Škrinjarić 
University of Zagreb, 
Department of Mathematics and 
Department of Statistics 

Trg J. F. 
Kennedyja 6 10000 Zagreb Croatia tskrinjar@net.efzg.hr 

138.  Ana Škrlec J&T Banka d.d. Aleja kralja 
Zvonimira 1 42000 Varaždin Croatia ana.skrlec@jtbanka.hr 

139.  Petra Škrobot 

University of Zagreb, Faculty 
Economics and Business, 
Department of Trade and 
International Business 

Trg J.F. 
Kennedya 6 10000 Zagreb Croatia pskrobot1@efzg.hr 

140.  Tomáš Šubrt 

Czech University of Life 
Sciences Prague, Fac. of 
Economics and Management, 
Dept. of Systems Engineering 

Kamýcká 129 165 21 Praha 6 – 
Suchdol 

Czech 
Republic subrt@pef.czu.cz 

141.  Špela Tertinek 
University of Maribor, Faculty of 
Natural Sciences and 
Mathematics 

Koroška cesta 
160 2000 Maribor Slovenia spela.tertinek@ 

student.um.si 

142.  Jaka Toman University of Maribor, Faculty of 
Organizational Sciences 

Kidričeva cesta 
55 a 4000 Kranj Slovenia jaka.toman@gmail.com 



 First name Surname Institution 
Street and 
Number 

Post code Town Country E-mail 

143.  Petra Tomanová 
University of Economics, 
Prague, Department of 
Econometrics 

W. Churchill Sq. 
1938/4 130 67 Prague 3 Czech 

Republic petra.tomanova@vse.cz 

144.  Aneta Trajanov 
Jozef Stefan Institute, 
Department of Knowledge 
Technologies 

Jamova cesta 39 1000 Ljubljana Slovenia aneta.trajanov@ijs.si 

145.  Tadeusz Trzaskalik 
Department of Operations 
Research, University of 
Economics in Katowice 

ul. 1 Maja 50 40-287 Katowice Poland   tadeusz.trzaskalik@ 
ue.katowice.pl 

146.  Anita Varga Budapest University of 
Technology and Economics 

Muegyetem rkpt. 
3. 1111 Budapest Hungary vanita@math.bme.hu 

147.  Ágnes Vaskövi Department of Finance, 
Corvinus University of Budapest Fővám tér 8. 1093 Budapest Hungary agnes.vaskovi@ 

uni-corvinus.hu 

148.  Alen Vegi Kalamar 
University of Maribor, Faculty of 
Natural Sciences and 
Mathematics 

Koroška cesta 
160 2000 Maribor Slovenia alen.vegi.kalamar1994@

gmail.com 

149.  Rudolf Vetschera  
Department of Business 
Decisions and Analytics, 
University of Vienna 

Oskar 
Morgenstern 
Platz 1 

1090 Viena Austria rudolf.vetschera@ 
univie.ac.at  

150.  Jožef Vinčec University of Maribor, Faculty of 
agriculture and life science Pivola 10 2311 Hoče Slovenia jozef.vincec@ 

student.um.si 

151.  Josipa Višić 
Faculty of Economics, Business 
and Tourism/Department of 
Economics 

Cvite Fiskovića 5 21 000 Split Croatia josipa.visic@efst.hr 

152.  Petr Volf Institute of Information Theory 
and Automation, AS CR  
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